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There exists today in the field of virology, an urg ent need to 
detect the presence of virus in the shortest possible period of time. 
Not only is th is imnerative in aspects of clinical and m edi cal virology, 
but it is also a. ne ce ssa ry reriuisite for rrtonitoring systems of diverse 
applicability in the environmental realm. Various methods do exist 
which allow f or the detection and quantitation of virus particles, 
but in a relatively long oeriorl of time. 
It is felt that a detection system to assMy viruses in vitro 
which is dependent upon b ioohys ical properties of virus rather than 
biological properties would decrease the time inv olved to obt�in a 
quantitative result. Because the basic dynamics of virus interaction 
have not been obtained quantit�tively, this study was undertaken. 
T he interaction was performed with substrates which could be monitored 
with existing technology. 
It is well known that the addition of antigen to antibody results 
in an antigen-antibopy co mplex which subsequently either precipitates 
if the antigen is soluble, or agglutina.tes if the antig en is insoluble. 
This study utilizes either a coated or uncoated latex particle to 
replace the traditional red blood cell (rbc) in hemagglutina'tion tests. 
In the system, the antigen (or virus ) would act as one rea�tive unit 
to a latex particle which had been coated with a specific antibody. 
T hus the integr ity of the antigen-antibody rea c ti on would be uph eld , 
and specificity included in the a�glutination. Then, with the resultant, 
comparatively larger particle, identification and quan tifica tion of 
2 
virus should be possihle, and visible indication of the antigen-
antibody rea�tion could be demonstrated. 
Various latex-virus interaction models can be inferred to allow 
maximum flexibility and experimental manipulation to the detection 
system. The simµle latex-virus complex can be used to merely detect 
the presence of a virus pc�rticle. To gain specificity �n the inter-
action, an antibody coated latex particle may be used. In addition,
_ 
a nuclease , specific for two broad areas of animal virus classification 
(DNA or R�A nucleic acid core) could be used to limit viruses into 
these two catagories. Further interaction with a fluoresc�nt compound 
fluorescein isothiocyanate (FITC) points to a method by which the 
virus�latex complex may be detected. 
















Today, the major ity of viruses a.r e. d etected and assayed with 
respe ct to (1) the lowest amount of virus which gives some indica tion 
of infe ctivity, such as cytopathogenic effect (CPE) or le thality to 
50 percent of a population (t_n50); (2) pr oduces an effect within a 
certain period of time, such as hemagglutination (HA); and (3) ex­
hibits specificity in all assay methods, which is necessary for proper 
identification of the virus. 
Basically two types of assay methods exist: i!! vivo and in vitro. 
Not all viruses, however, react the same way in the same assay method. 
F or example, in vivo method s include tissue culture (TC), eggs, 
bacteria, and ani1n::tls such as rabbits, monkeys, and mice which act 
as a host to the propagating virus. In all of the above methods, a 
measure of the infectivity possessed by the virus is what is observed. 
!t may occur as CPE, death, or some incapacitating disability in the 
no:m�l functioning of the animal or cell. In vitro methods for 
assaying virus incl�de electron microscopy counts an� immunochemical 
me�ns using par ticles such as r ed blood cells which agglutinate after 
the intr od uction of virus. 
'fissue culture techniques in arbovirology have been successfully 
used in propa�ating and assaying Western equine ence�halitis (l-f.EE) 
virus in hamster k:\.dney, guinea pig kidney (Kissling, 1957); L cells 
( Cha�bers, 1957); HeLa cells, human conjunctiva, intestine, skin cells 
( Ba.nta., 1958); chi.ck embryo fibroblasts (Kissl:i.ng • 1957, Dulbecco, 
1 q52); and mosquito cell lines (Tra.ger, 1938) • 
Eastern equine enc�phalitis (��E) virus has been propagat�d and 
assayed in tissue cultures of L mouse fibroblasts (Wagner, 1963) and 
chick.embryo fibroblasts (Medearis and Kibrick, 1958. Porterfield, 
1960) . 
Liu (1970) showed the propagation and assay of Epizootic hemorr­
hagic disease (EIID) #10 South Dakota strain in baby hamst�r kidney 
(BHK - 1 2) and in mosquito cell lines of Aedes albopictus. Other 
arboviruses have been isolated, propagated, and ass·�yed in a variety 
of useful host cells (Diercks and Hammon, 1958, Rosenberger and Shaw, 
1961, Lennette et al., 1961). 
The use of red blood cells as a.n adsorbent and major component 
in the antigen-antibody reaction was first made in.virology by Hirst 
(1941) when agglutination of red blood cells by allantoic fluid of 
�hick embryos inf�ected with influenza virus occurred. Not until 1950 
.however, was hemagglutination used in arbovirology. Then, Sabin and 
Buescher (1950) demonstrated hemagglutination produced by Japanese B 
and West Nile viruses. Subsequently, refinement of orocedures and 
. 
expansionary visions of investigators lead to classification of a 
large number of arbovirus strains into groups A and B (Clarke and 
Casals, 1958) by hemagglutination. 
Hemagglutination and its counterpart, hema.gglutination-inhibition 
are today well established in the field of virology for detection and 
assay of viruses including for example, adeno-associatAd satellite 
virus (Ito and Mayer, 1968) and ECHO virus (Bussell et al., 1962., / 
Karzon et al., 1959). The test has gone from a cumbersome manual 
4 
one to an automated type, for detecti ng such serum comr.>0nents as 
parainfluenz� 3 antibodies in bovine sera (Webert and Cohen, 1971). 
When hemagglutination is caused by the virus particle itself, 
a particle joins two red blood cells together by forming a bridge 
between them. If sufficient hemagglutination parti cles are present, 
the red cells form clusters of large r aggregates which fall to the 
bottom of the test tube or well. 
It is this sort of bionhysical phenomenon which is being investi­
gated in this_ study. Rather than using red blood cells as the 
adsorbent, to the surface of which the virus adsorbs , some ·solid ad-
sorbents have been utilized to substitute for the red cells in a 
variety of experimental manipulations. Bentonite has been used as 
an a dsorbent of rabbit immunoglobulin G to bovine l{ globulin (EGG), 
to the 2,4-dinitrophenyl (DNP) group, and to human serum albumin 
(HSA) (Cheng and Talmage, 1969) . Ad sorption of antigen ovalbumin to 
glass beads has been accompliRhed (Sutherland and Campbell, 1958) and 
Gyenes et al . (1958) and Yagi et al. (1060) have used polyaminopoly-
. 
styrene on to which has been adsorbed bovine $erurn albumin (BSA). 
In addition, charcoal particles have recently been used a:iJ an antigen 
adsorbent for a.flocculation test used in syphilis serolop,y (Stevens 
and Stroebel, 1970). Bentonite has also been used as an adsorbent of 
light polypept:i.de ch�i.n� (Reisberg et al., 1970) •. Similarly, 
PRsteurella tularensis has been cross linked with tetraazotized 
benzidine and employed for the isolation of purified specific anti-
bodies (Weethall , 1970). 
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Latex particles have grown in popularity during the last �wenty 
years as one component of serology testing and immunochemistry probably 
because of their relatively inexpensive cost, hut more likely, because 
of  the excellent results afforded this carrier or a variety of sub-
stances. 
The classical use of latex as an adsorbent �aterial w�s that of 
Singer and Plotz �1956) who developed a latex fixation test to detect 
rheUl1latoid arthritis factor in blood serurrt. Subsequently a slide latex 
fixation test or eosin slide test was devised (Singer and Plotz, 1958). 
In both cases, polystyrene latex spheres were sensitized with human . 
grumna globulin and reacted with either serum or blnod of an individual. 
Agglutination of the latex suspension indicated the occurrence of the 
antigen-antibody reaction, and thus the presence of rheumatoid factor 
in the patient's blood or serum (Lane and Decker, 1960). Other work 
with rheumatoid factor and gamma globulin in coated latex was per-
formed by Bernhard et al. (1962). 
The works of Singer and Plotz was quickly followed by those of 
. 
Carlisle and Saslaw (1958) who developed a histoplaS!11in-latex 
agglutination test for the detection of histoplasmosis. Subsequently, 
latex agglutination �s a means tor serological testing was used again 
in a diverse manner. Irl!lela and Redner (1959) employed latex as a 
carrier of trichinella extract and with it, were able to show a siJTlple 
serologic test for trichinosis which was as specific and as sensitive 
as the complement-fixation test and in some cases, more sensitive. 
Brucella antigen was used to coat 0.81 micron latex and detection 
or small quantities of ;:intisera could be carried out, which compared 
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to the specificity of Brucella bacterial agglutination (Fleck and 
Evenchik, 1962). At least a twenty-fold cOflcentration of antigen was 
required for precipitation to occur when a parallel precipitation 
test with Brucella abortus was used, as compared to Brucella sensi-
tized latex in an agglutination-inhibition assay (Fleck and Evenchik, 
1962). 
In all of the previous latex agglutination models, both antigen. 
and antibody were soluble, the only insoluble component of the assay 
method being latex. 
Not until Bolin et al. (1968) used latex for detecting an�ibodies 
against isolates associated with viral hepatitis, was any latex 
agglutination test availa�le for use in virology,. Latex particles 
sensitized with virus were found to agglutinate when introduced to 
positive infectious hepatitis serum. 
Earlier, Hukuhara and Hashimoto (1Q66) had performed some work 
with Tipul.a iridescent virus (TIV) and polystyrene latex_ particles. 
Although this work was not in the strictest sense � latex aggluti-
. 
nation test, it did afford electron microgranhs which showed inter-
mingling of virus pa�ticles and latex particles in aggregates. 
Latex particle$ in the ap:grega.te also anpeared to be in close contact 
with virus particles or other latex particles. 
Fluorescent-antibody techniques have been a successful means of 
enhancing the sensitivity of antigen-antibody reactions since.the 
original work in immunofluorescence by Coons et al. (1941, 1942). 
Since that time it has proved to be an excellent tool for immuno-
logical (Reisberg et al.•: 1970) and cytological research as well as a 
7 
valuable asset in diagnostic bacteriology (Cherry and Moody, 1965, 
Mitchell et al . ,  1966, Jost and Fey, 1970). 
Recently, the fluorescent-antibody technique and similar. 
immunofluorescence reactions have been applied in virology to detect 
the presence of herpes simplex virus, adenovirus, and influenza � 
virus (Espnark et al., 1971); variola virus (Hahon, 1965); Epstein­
Barr virus (Henle and Henle, 1966, Wahren, 1971) ; Moloney leukemia 
virus (?enyo et al., 1971); and rubella antibodies (Brown and O'Leary, 
1970). These methods made use of a fluorescently labeled antiserum 
specifically produced in response to the antigen. 
labeling of enzymes to be used as staining reagents has received 
much attention in the last few years. Most of the labeled enzyme 
studies have been confined to bacterial staining or animal cell in-
vestigations. Benjaminson et al. (1966) successfully laheled chitinase 
with fluorescein isothiocyanate, ferritin, and lissamine rhodamine 
(:Aen.fami.nson, 1969). Rhodamine-labeled lysozyme (Gould et al.• 1963, 
Eagon and Carson, 196.5 ) has been used .for the detection of lysozyme 
. 
substrate in cells and fluorescein isothiocyanate-lysozyme has been 
used against bacterial cells of Bacillus subtilis, Staphylococcus 
aureus, Serratia marcescens. and Neisseria catarrhalis (Benjaminson ---- -----
and Hunter, 1969). 
Pi-tal et al. (1967) labeled ,8-glucosida.se with fluorescein iso­
thiocyanate and used it to demonstrate in situ cell wall glycopeptide 
in a variety of .bacterial organisms. Also, lipase has been tagged 
with the fluorescent dyes fluorescein and lissa.mine rhodamine (Connack 
et al., 1961). FJ..uorescein isothiocyanate has been used to label 
8 
deoxyribonuclease (Benjaminson et al •• 1968, Benjaminson and Hunter, 
1969, Benjamlnson et al., 1970) and its presence has been measured 
by a microfluorometer (Benjaminson and Hunter, 1969). 
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MATERIALS AND METHODS 
A. Production and procurement of viruses 
Three different arboviruses were inoculated into newborn mice, 
and brain tiRsue from the ill mice was ha.rvested. Viruses produced 
in this manner, were w·estern ·equine encephalitis (WEE), Eastern equine 
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encephalitis (EEE), and Epizootic hemorrhagic disease South Dakota 
strain (EHD SD#10) virus. These viruses have exhibited_d�fferent 
antigenic properties and sizes (Sharp et al., 1943, Wecker, 1959, 
Morgan et al.� 1961, Liu, 1970, Schroeder , 1Q72) and therefore were 
selected for the development of the latex agglutination test. To 
facilitate easy handling of viruses in the laboratory and t� prevent in­
fection of laboratory personnel, pathogenic viruses were ina.ctivatea 
with Betapropiolactone (BPL). A detailed protocol for preparation of 
the virus homogenates and subsequent inactiva tion is given on page 16. 
Additional viruses were obtained from other sources with varying· 
titers measuring a ctual electron microsco py count , Ln50, and plaque 
.forming unit ( p.fu ) • . ,These. were· Influenza A2/ Hong Kong strain and 
WEE virus. Table 1 indicates the viruses and their respective titers. 
Titers were determined by the method o.f Reed and Muench (19J8). 
B. Production and procurement of antibodies 
Two rabbits were immunized for each arbovirus. Pre-inoculation 
blood samples were drawn b9fore each injection . A detailed protocol 
for method of inoculation and drawing samples is given on page 17. 
Approximately 2.0 ml of whole blood was removed from each rabbit prior 
to every injection. 











Influenza A2/ Hong Kong 
. ' 
Titer 
1·04 ptu/ 0.02 ml 
104 pfu/ 0.02 ml 
3.2 x 108 IJJ50/ 0.02 ml 
106·J pfu/ 0.2 ml 
2.6 x 1011 v.p./ ml 
Titer 
10,24-0/ 0.025 .ml 
10,240/ 0.025 ml 
















Influenza A2/ Hong Kong strain antibody was obtained from a 
commercial source (Flow Laboratories ) . Immunoglobulins were prepared 
by the method of Maramorosch and Koprowski (1967) and protein 
dete.rmination by the method of Gorm:tll et al. (1949). Respective 
titers for the antibodies used are listed on Table 1 • Titers were 
determined by the method of the Mational Communicable Disease Center 
(USPHS). 
C. Selection of inert particle 
The .fact that latex particles had been used successfully in 
previous
.
experimentation as a immunoadsorbent plus the ready avail­
ibility of latex and its relatively inex�ensive cost were determinants 
in choosing lntex particles over other inert particles, as a comnonent 
in the proposed virus-induced aggregate model. However, acquiring 
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the optimum latex pa.rticle for the immunoadsorption and subsequent 
reaction with viruses demanded strict selectivity. Pages 41 through 46 
describe acryl (Colab) and polystyrene, oolyvinyltoluene, and styrene 
divinylbenzene (Dow) particles • . A comparison of the partic1es is on 
Table 2. 
Further work to determine whether diameter size or the latex 
particle had a correlation to agglutin�tion, using the method of 
Singer and Plotz (1958) and positive rheumatoid arthritis factor 
control serum was performed. One 8.nd two drops each of 0.81, 1.011, 
2.02 micron latex, and 0.5 micron acryl particles was reacted with 
one to two drops of rheumA.toid arthritis positive control on a glass 
s 1 id e (Fig. 1 , 2, and 3) • 
In order t�t a st�ndardization of those lAtex particles which 
exhibited favorable macro-agglutination he obtained, a relationship 
of percent concentr�tion vs. optical density for 1.011 and 2.02 micron 
latex was determined (Fig. 4 and 5). From commercial 1od, solid 
latex suspensions, dilutions cont�ining 9� through 1� were prepared. 
The latex particle concentration of these suspensions was then 
standardized using a Spectronic 20 at 54o nm WctVelength. Calculations 
and protocol involved in preparing the inert particle suspensions in 
3 ml volumes is given on pa.ge 180 
D. Measurement of latex and latex aggregates 
To perl"lit counting of latex particles and yet eliminate the 
tedium 0f the Petroff-Hauser counting chamber , a system had to be 
found which would give reproducible results and allow for a large 
number of samples to be read. A Coulter Counter :tAodel F was used t.o 
obtain counts. An initial l�tex dilution of 1:2000 with Isoton 
( r,oulter Electronics) and 2.02 micron latex from an original 10� solid 
suspension, was made.and counted. The Coulter Counter was equipped 
with a 70 micron sampling nosepiece and a 100 lambda sample size 
manometer. All counts were made at an Attenuation setting of 1 and 
an Aperture setting of 16. A background count for the in�trument at 
the above settings was also obtained. Subsequent counts of the latex 
and latex-virus mixtures were made at the same instrument settings 
and with the identical sample nosepiece �nd sample size. However, 
a 1:20,000 dilution of the latex was used. In all cases, threshold 
setting was vari�ble. 
274281 
1) 
E. Virus-latex interaction 
Crude experimentation with 1 drop of 1: 1000 dilut.· on of an 
origina l 10� suspension of 1.011 micron polystyrene and 1 drop of 
approximately 1 x 104 pfu/ 0.02 ml of (1) Epizootic hemorrhagic 
disease SD �10 and of (2) Eastern equine encephalitis gro�7i in Vero 
cell line and chick embryo tissue culture respectively, produced 
the results shown in Fig. 6 and ?. Further experimenta t.ion with 
0.1 ml commercially prepared (Difeo) 0.81 micron l� tex pH 8.2, plus 
0.05 ml of 1 x 1o5·3 pfu/ 0.2 ml �'lestern equine encephalitis virus 
(duck embryo tissue culture fluid ) gave similar results. 
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Advanced virus-latex interaction sturlies using the Coulter Counter 
were perfomed with dif.ferent titered WE  virus at various dilutions, 
and subsequently different titered WEE virus antiserum. See each 
separate exoerirnent for the protoco l followed (�ges 20 and 21). 
F. Fluorescence measurements and determinations 
A st�ndard Rolution of fluorescein isothiocyanate (FITC) was 
prepared and fluoresqence re�dings were obt�ined. An FITC Measure­
ment Table was made to correlate FTTC concentration with fluorescence 
(Table 11.2). 
A solution 'or RNase with a known number of Units was conjugated 
with F'ITC following an altered method of Ben,jaminson et al. (1970) 
and the relationship of fluorescence to molecules, milligrams, and 
Units of R�ase was derived. Protocol is given on page 2l�. 
To determine the limits of ti.me to read a _fluore�cing latex 
particle, and observe its decay due to prolon�ed excit�tion, 
commercially dyed 6-14 micron styrene divinylbenzene (Dow)·was 
excited by a J1b 200 lamp equipped with a BG12 excttor .filter and 
detected with a Farra nd J-!SA (Microscope Spectrmn Analyzer). Also, 
various sized latex in the 6-1l� micron range were compared for fluor-
escence using different sensitivity diameters of the Farrand MSA 
(Table 15 and 16). 
Two-fold dilutions of the original 10� solid suspension of 2.02 
. 
micron latex from 1:100 to 1:12,800 were made with 0.2 M PBS - pH 7.J. 
An equal volume of ea ch dilution in a matched set of cuvettes was read 
in a G. K. Turner flu.orometer Model 110 equipped with a 4?B .. primary 
filter and a 58 secondary filter at a sensitivity of )OX (Table 17)o 
An attempt to read the fluorescence of Influenza A2/ Hong Kong 
virus.which had been adsorbed to 2.02 micron latex, and h�d been 
allowed to react with FITC con jugated RNase, was made following the 
protocol given on page 27. Pretreatment of the influenza coated 
latex particles was accomplished with 2cr; ether ( Schroeder , personal 
communication ) and 6 x 10-J M formaldehyde (Gard , 1956),. 
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Virus Homogenate Preparation 
1. The brain- was removed from infected suckling mice ( SMB ) using 
a disposable tuberculin syringe with an 18 gauge 3/4 inch 
needle. 
2 .  This wa s  added to 9 ml of diluent M- 199 in centrifuge tubes to 
obtain a 1� (vol/vol ) homogenate . 
3 .  Centrifuge tubes were placed i n  an ice water bath for holding at 
4 c .  
4 . Centrifuge tubes were shaken to mix � suspension and centrifuged 
for 15 min at 2 , 000 rp.n in an International Portable Refrigerated 
Centrifuge - Model PR-2 at 0 c .  
5 .  The top layer was decanted and placed in a sterile ( 100 ml ) serum 
vial and stored at -60 c .  
Betapropiolaetone Inactivati.on of Pathogenic Viruses 
1 .  Prepare a 1( solution of Betapropiolactone (BPL) in cold borate­
saline , pH 9 . 0 .  
2 .  Add 1 part or th; 1� BPL to 19 parts of the 10� SMB suspension . 
3 . Place the BPL-virus suspension at 4 C for 18 hott�s . This prepar­
ation may be. used as a BPL-killed vaccine for preparation of 
arbovirus antibodies in mice and in rabbits .  
4 . A final concentration of 0 .05< BPL is sufficient to inactivate 
the infectivity or most 10( arbovirus suspensions held at 4 C 
for 18 hours . 
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Rabbit Inoculations and Bleedings 
1 .  FAch rabbit wa s secured in a holder allowing only the rabbit ' s  
head to be exposed . 
2 .  Bleeding was performed by using a 7 ml vacutainer tube fitted 
with a 22 gauge needle and containing 20 mg potassium oxalate . 
Puncture was made to the left ear near the head . 
j .  Injection of virus vaccine was made in the right ear of the 
rabbit . The first inoculation was ma.de a s  near the tip of the 
ear as possible . Later injections were introduced progressively 
toward the head . A d i sposable tuberculin syringe ( 1  rnl. ) with 
a 26 gauge J/8 inch needle was used . 
1? 
Latex Preparations for Spec trophotometric Analysis 
1 .  To eliminate over producing concentrations and yet have suffi-
cient sample for detennining optical density (O.D.) , 3 ml was 
the original quanti ty of sample used . Consecutive diluting was 
also employed ,  according ·to the following calcula tions , in order 
to keep the working size or the sample at a minimum . 
2 . Sterile deioni zed water was used as a diluent as recommended 
by Dow Chemical Company-. 
3 . Sample number 1 wa s  used in preparing sample number 2 ,  etc . 
4 . In order to obtain from a given concentration , a smaller concen-
tration , one must dilute the first : 
(q(  solution X )  (dilution factor ) = (� solution X) 
or 
because the original solution is 10( solid s in the commerei.al 
product , 
( 10,f, )  (diluti on factor) = ( 1� - loss in � due to dilution) 
5. Therefore to obt�in a 9� suspension from a 1� suspension , and 
have a s  a total volume , 3 ml , 
X =  
( . 09 )  ( Jml ) 
. 10--- = 2.7  ml 
6. Because the total volume i s  3 ml , one would require 2 .7  ml of a 
- -
10% suspension plus 0 . :3  ml water to produce a <J1, solution·� 
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Optical 'Density Detennination for Latex Suspensions 
1 . The desired concentration or latex ( 1 .01 1 and 2 . 02 micron ) , in 
J ml · quantity wa s  prepared . 
2 .  The Spectronic 20 was set at 540 rnn and 0 zeroed " at 100't trans­
mittance with a cuvette from a matched set , containing 3 ml ot 
sterile deionized water. 
3. Optical density was determined . 
19  
Coulter Counter Latex - Virus Agglutination study · 
1 .  A 1 : 20 , 000 dilution of 2 . 02 micron latex was prepa�ed using Isoton 
(Coulter Electronics ) as a diluent . The original latex suspension 
was 10% solids . The dilution was placed in 20 ml quantities , into 
Coulter sampling vials . A Coulter Dual Diluter was used to make 
the dilutions . 
2 .  Two 100 lambda samples were drawn from the latex suspension vials 
to determine the count per 100 lambda . The Coulter Counter was 
set at an -Attenuation of 1 and an Anerture of 16 . A 70 micron 
sampling nosepiece was used . 
3 . Count per 100 lambda lfBS established for all vials and only those 
vials which gave similar counts were used in latter steps . 
4 .  Two vials were used . Vial 1 was a control of the latex a nd  vial 
2 was the vial to which was added 2 ml of WEE virus with a titer 
of 105 · :3  or approxima.tely. 199 , .500 pf'u . 
5 . Each vial wa s  mixed well and allowed to incubate at ·room temper­
ature for 5 minu�es and at 37 C for 5 minutes prior to being 
counted . 
6 .  Two counts were made at each threshold setting on the Coulter 
Counter from· threshold 0 through threshold 15 . for both vials . 
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Coulter Counter Latex - WEE Virus Agglutination Study 
-
1 .  Five liters of a 1 : 20 , 000 dilution of 2 . 02 micron latex in Isoton 
( Coulter Electronics )  - pH 7 . 4 was dispensed in 20 ml volumes into 
new. Coulter Counter sampling vials . 
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2 .  ·Two ml o f  Isoton was added to  each of  ten sampling vials , a nd  each · 
vial wa s  mixed by rotating the wrist so as to produce a "fliP-flop" 
type action for ten cycles . Thi s  was . performed on each separate 
vial prior to counting. 
3 .  Immediately after agitRtion , the vial was counted at the following 
instrument settings .from threshold setting 0 through 1.5 : Attenua­
tion 1 ,  Aperture 16 , 70 micron sampling nosepiece , and 1 00 lambda 
sample size . 
4 .  Dilutions of 1 0- 1 , 1 0-2 ,  10-3 , and 1 0-4 of an original 3 . 2  x 108 
J.IJ50/ 0 . 02 ntl titered 'I/EE virus were prepared in sterile di stilled 
water. 
; .  Dilutions of 1 0- 1 , 1 0-2 ,  1 0-3,  1 0-4, and 1 0-5 of an original liJEE 
antiserum ( titer : . 1 0 , 240/ 0 . 02; ml HI )  were prept1 red in sterile 
distilled water.  
6 .  One ml of each dilution of virus was added to each sampling vial 
such that ev�ry di lution group contained three vials . The total 
number of sa.mpling vial s for the virus dilutions was therefore 
twelve . 
? . Likewise , 1 ml of each dilution of antiserum was added to a total 
of fifteen sampling vials so that every dilution group contained 
three via.ls . 
8" .  To bring the total volume o f  each sampling vial up to 22 ml , 1 ml 
of Isoton_ was added to each vial . 
9 .  After each ant iserum-latex or virus-latex sampling vial was pre­
pared, it was mixed 10  cycles in a "flip-flop·• manner , allowed 
to set at room temperature for 5 minutes ,  placed in a 3? C 
incubator for 5 minutes , again agitated for 10 cycle s , and immed­
iately counted . 
1 0 .  One sampling vial to which had been added, 1 ml · of 10- 1 virus 
d ilution and 1 ml of 10- 1  anti serum ·-d iluti on wa s allowed to react 
in the same manner as in step 9 .  Also , a s i  ilar combination was 




Preparation of Fluorescein Isothiocyanate Standard Solution 
1 . Four mg of Fluorescein isothiocyanate (FITC) from Nutritional 
Biochemicals Corporation was added to 1.5 ml 0 .2 M phosphate 
buffered saline (PBS) - pH ? .J ,  and shaken on a mechanical shaker 
for sufficient time to allow the FITC to go into solution . 
2 .  A 1 : 100 dilution of the FITC solution was made with PBS - pH 7.3. 
Five ml o f  the 1 : 1 00 d ilution was introduced into a 12 x 7.5 Pyrex 
cuvette from a matched set and read for fluorescence in a G . K. 
Turner fluorometer Model 1 1 0 equipped with a 4?B pri1nary f'ilter 
and a 58 sec ondary filter . Sensitivity of the instrument wa s  1X • . 
) .  Serial two-fold dilutions of the FITC standard solution were made 
with PBS - pH ?. J and read for fluorescence . 
4 .  A PBS - pH 7 . 3  control tube wa s  used to " zero" the instrument . 
5 . As the fluore sc nee readings decrea sed with a sensitivity setting 
of 1X,  read ings were then taken at 30X (maximum sensitivity) • 
. ' 
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Conjugation of RNase with Fluorescein Isothiocyanate 
1 .  To 2 . 4  ml of 0 . 5  M carbonate-bicarbonate buffer - pH 9 . 0 , was 
added 0.4 mg of FITC irom Nutritional Biochemicals Corporation� 
This solution was mixed . in a small flat-bottom screw-top glass 
vial in an ice bath. 
2 .  To the vial wa s added four 0 . 2  ml ampoules of RNase ( Ribonuclease 
Tt from A spergillus oryzae ) which contained 100 , 000 Units per 
ampoule . The RNase had been mixed with 1 .  6 ml of 0 .  2 M PBS - pH 
? . 3  to bring the volume to 2 . 4 ml . Total volume of the mixture 
was now 4 . 8  ml .  
3 .  A small magnetic flea for stirring was added , and the mixture was 
stirred for 48 hours in the cold room (4 C ) . 
:.,i.· . 
4. A glass column ( 40 x 2 cm ) was packed with Sephadex 0-25 in 0.2 M 
PBS - pH 7 . 3  ( 30 gm Sephadex , 150 ml buffer )  and allowed to equi­
librate at 4 C overnight . 
5 .  vith approximately 1 . 5 cm of clear buffer above the ·-pa c ked column , 
approximately 4 �i of the FITC-RNase mixture was allowed onto the 
column. A Millipore filter ( 0 . 45 micron ) had been inserted into 
the column and the mixture was pla ced onto 'this and allowed to 
filter through .  The time of addition of the mixture was called 
zero time . 
· 6 . Approximately 65 ml of buffer passed through the column and then 
the conjugate collection 1'1a.S begun . Fraction 1 was collected 
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from 35 to 4; minutes after zero time .  Fraction 2 was collected at 
45 to 50 mi nutes , fraction ) from 50 to 55 minutes ,  and frac tion 4 
was collected from 55 to 62 minutes after zero t:i.me . 
7. A hand held ultraviolet lamp (Mineralight Ultra Vio let Lamp -
Shortwave UVS- 12 , tn.traviolet Products , San Gabriel , California ) 
was used to mo nitor the descending conjugated enzyme in the column 
and when it pa s sed from the column. The d ifferent fractions 
collected corre sponded with varJing intens ities of fluore scence . 
8 .  The fractions were dispensed into 1 ml quantities and stored at 
minus 60 c .  
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Fluore scein Isothiocyanate Conjugated RNase Fluorescence Study 
1 . One ml of FITC conjugated RNase ( frac tion 1 )  exhibi ted fluorescence 
which was visibly similar to that fluorescence produced by a 
dilution or FITC somewhere betwe�n 1 : 400 and 1 : 800. This coM-
parison was made by observing the enzyme solution and the FITC 
standard solution under ultraviolet light from a hand held source . 
2 .  A 1 : 4 dilution of the conjugated enzyme solution was made with 0. 2 M 
PBS - pH 7 . 3. This would theoretically correspond to a dilution 
' -
of FITC standard somewhere between 1 : 1600 and 1 : 3200 . This would 
then permit the reading of fluore�cence on the fluorometer ( see 
FITC Fluore s cence Measurement Table ) .  
3 . Serial two-fold dilutions of the conjugated enzyme solution were 
made with 0 . 2  M PBS - pH 7� ) .  
4 .  A G .K .  Turner fluorometer Model 1 1 0  was used to read fluorescence . 
It was equipped with a 47B primary filter and a 58 secondary filter . 
Read ings were obtained at 1 X  and 30X sensitivity • 
. . 
Fluore scenc e Study of RNase Treated 
Influenza A2-coated Latex Complex 
1 .  To 9 centrifuge tube s (5/8" x 2!" cellulose nitrate ) was added 
7.5  ml of a 1 : 200 dilution of 2 . 02 micron latex . This had been 
previously counted on a Cou.1 ter Counter }�odel F and contained 
a total number of approximately 3. 0  x 1 08 lAtex particles .  Into 
tube number 1 0  was placed 8 ml PBS - pR 7 . 3 ( 0 . 2  M) . · 
2 .  One ml of Influenza A2 /Hong Kong virus (Virgo Reagents )  with an 
electron micro scope count of 6 • .5 x 108 virus particles/ ml was 
added to tubes number 1 - 6 and number 10 . A 1 : 10 dilut ion of 
the virus ( 6 . 5  x 107 v . p . / ml ) made with 0 . 2  M PBS - pH ?. ) was 
added to tubes 7 and 9 .  A 1 : 1 00 dilution of the virus made in 
the same manner wa� added to tube 8 .  
3 . The virus-latex mixture wa s  allowed to set at room temperature 
for 5 minutes aftsr initial mixing , and was then placed in a 37 C 
water bath for 5 minutes .  
4. After ineubation . �ime was completed , pretreatment of the virus 
was started by adding 0 . 5  ml of 0.2 M PBS - pH 7 . 3 to tubes 1 ,  
2 ,  and 10 ; o . ;  ml of 2� ether to tubes 3, 4, 7, and 8 ;  and 0.5 
ml of 6 x 10�3 M formald�hyde to tubes 5 ,  6 , and 9. This was 
allowed to react at room temperature for 5 minutes . Total volume 
or the mixture was now 9 ml . 
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S .  Ona ml of a 1 : 10 dilution of fraction 1 ,  FITC conjugated RNase 
( Nutritional Biochemical s  Corporation) made 'Wi th the PBS , was added 
to the tubes at )0 second intervals and allowed to react at room 
temperature for 5 minutes .  
6 • At the end o.f reaction time , each tube was immersed in an ice 
water b�th and gradually mixed for 30 seconds.  Each tube was 
then placed in a centrifuge head that had been pre-chilled 
to 4 c. 
? . Tube s were centrifuged for )0 minutes at 2.5 , 000 rpm in a Beckman 
Model L ultracentrifuge equipped with a type SO rotor. 
8 .  After centrifugation, the supernatant liquid was removed from the 
·tube with a syringe and 2"  long needle . It was important to do 
this slowly and very carefully so as to not disturb the latex­
virus pellet in the bottom . of the tube . 
q .  The latex-virus pellet was resuspended in 1 0  ml PBS and .5 Ml wa s  
read i n  a G . K �  Turner fluorometer Model 1 1 0 .  A 47B primary filter 
and a 58 secondary filter were used with a sensitivity setting 
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of )OX. Likewise , 5 ml of the supernatant was read for fluorescence 
as were equal quanti tie.a of the 2M ether and 6 x 1o- 3 M form­
aldehyde �  Dilutions of 1 : 2 and 1 :4 of the re suspended latex-
virus mixture were made with PBS and read in the fluorometer . 
RESULTS AND DISCUSSION 
Both acryl pa rticles ( Colab ) and latex particles (Dow) exhibited 
favor�ble results as far as chemical resistivity and solubility were 
concerned . For the pa rticula r use for which they would be needed , 
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both general types of particle s would have bee n acceptable ( Table 2 ) . 
However , the la tex particles showed a les ser degree of wa ter absorption 
( �/ 24 hours ) tha n did the acryl pa rticles . Based exclusively on 
phy� ical and chemical cha ra cteristics ,  the latex particles were favored 
just slightly over the acryl pn rticles . 
Experimental ly , latex particles also exhibited a more favorable 
a ggregation or agglutinat ion when reacted with rheumatoid arthritis 
positive control , as compared to acryl pa rticles ( Fig . 1 ,  2 ,  and 3) . 
A full macro-compa �ison of o . 81 , 1 . 0 1 1 , 2 . 02 latex , and 0 . 5 acryl 
particles showed a ll of the la tex to be auite similar in ag�lutination 
propertie s but the acryl pa rticles tended to remain quite smooth with 
very little macro-agglutina tion.  Original intentions of rleveloping 
exclusively a slide l� tex a��lutination test for the detec tion of 
a rboviruses wouid indicate that O o 357 latex particles would he of 
such a small s i ze tha t aggregation of the latex would be qu ite un­
observable if it . occurred at all . The results shown with 0 . 5  acryl 
pa rticle s nointerl to that conc lusio n in that the aggregation of acryl 
Pa rticle s wa s not one tha t could be o�serverl easily with the naked eye , 
it indeed agglut ination occurred at all . A gglutinati nn of 1 . 0 1 1  and 
2 . 02 latex appeared to be as pronounced a s  the agglutination of 0 . 81 
latex . Aga in , because of original intent j ons to produce exclusively 
a slide latex a gglutination test for arbovirus identifica.tion , it was 
felt that the_ larger partic les would be st be used in tha t  fewer latex 
would be reQuired to produce the same aggregation effect. 
Standard curves (Fig . 4 and 5 ) show optical density (O .D . ) of 
various concentrations of 1 . 01 1  and 2 . 02 latex , re spectively. The 
. O . D.  curve for 1 . 0 1 1  latex was approximately linear from 0 to 2 . 0 . 
This corresponded to a concentration of from 0 . 00 1� to approximately 
0 .  0.5� of the original polystyrene 1 0<(  Rol ins suspen·sion. Utilizing 
2 . 02 latex , a simila r , but not identical- standard curve wa s  obtained 
at the same w� velength ( 5�·0 m. ) . Linearity of the 2 . 02 la te·x curve 
was optimum between 0 and approximately 1 . 4.  This corresponded to 
a concentration of from 0 . 00 1% to approxima tely o . 6� of the original 
1 0� solid s suspens ion . In both cases , dilutions of the la tex with 
the ranges in0icated would be line�r and therefore follow a predic t-
a ble pattern. Also , a means of st�ndardi zing a dilut:lon of one size 
latex pa rticle with a dilut;ion of another s i ze latex particle would 
be imperative in prepa ring latex dilutions of the same approximate 
. 
number of latex part icles of the same diameter , or of differing 
diameters. 
� .. 
Crude prel i�ina ry experimentation wi th approximately 2 x 1 0  pfu 
or ERD SD #10 and 2 x 1 04 pfu of EEJ� did produce aggregates of 1 . 0 U  
la tex { Fig. 6 and ?) . Examina tion wa s  made with a light microscope 
at X450 and a ggregate s of the latex were exhibited throughout the 
sample. The high concentration of virus in relation to latex particles 
may have 'been a fa ctor involved in producing the a ggregates. However , 
it is the invest igators feeling that the virus did indeed cause or 
pred ispose the clumping of the la tex into · large a g�rega tes . !�is is 
ba sed upon compa ri son with control latex of the same dilut ion , i n  
whi ch large aggregate s were not observed . Likewi se , 0 .05  ml of 
1 x 1 05 / 3 pfu/ 0 . 2  ml WE� virus producP.d a ggregate s of 1 . 01 .1 latex 
o n  a slide . 
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Refinement in sta ndardi zation and counting techniques led the 
i nve stig� tor . to us ing the Coulter Counter in subsequent latex and 
latex-virus experiment s . When three counts of a n  init ial 1 : 2000 
d ilution of 2 . 02 latex at each thre sho ld value were avera �ed , a 
d ecrea se in nwnber of counts a s  thre shold va lue w� s inc rea sed ( Fig . 8 )  
wa s observed . It was found also tha t whe n the difference in raw counts 
at succeed ing thre shold va l ues wa s plotted , a series of humps a nd 
va lleys occurred . 1'he differential humos or hills of the curve are 
i nd icative of various size �ggrega tes of la tex ( Coul ter Electronic s , 
personal communica tion ) .  At lower thre shold v� lue s , nearly all 
particles are counted . As the thre shold value is increa sed , the total 
count decrea se s . It is  the feel ing of thi s  invest tga tor that the 
number of particle s comnris ing the aggregate is undeterMined from . the 
gra ph • . The first hUJTlp does not necessa rily indica te a dime� , the 
second a trimer , e tc . The aggregate s do , no ne the le s s , exist a s  
evidenced by micro scopic exami na tio n . To utili ze the mA x:i.mum number ot 
la tex particle s for de termining tot� l nUJTlbe r of particl e s  in a sus­
pe ns ion , a thre shold value nea r 1 appearec pre fer� ble . Bac kground 
c ounts produced by the " noise "  of the instrument were found to be 
insignific;mt when compared to both the latex raw count and the 
d ifference be tween raw count s  a t  succeedi ng threshold values . 
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It appeared that a method to monitor lo tex a ggregates by observing 
the hills and- valleys of the difference between raw count s wa s fea s ible . 
�Then a known number of virus pfu wa s  added to a known concentration 
a nd number of latex particle s ,  a dis tinct shift in the hill· a.nd va,lley 
curve occurred ( Fig . 9 ,  1 0 . a nd 1 1 ) .  Not only wa s the curve shifted , 
but the height o f  the curve wa s  altererl a t  various thre shold values . 
The most pred omi na nt change s occurred in the range of thre sh old value s 
from 0 to 1 0 .  St ill , the a c tual number o f  particle s comnri s ing an 
aggregate wa s not known , but no ne the les s , the virus suspe nsion did 
have a profound effect o n  the su�pension of la tex . 
Tables '.3 through 1 0  indicate the cumulr.l t ive d ata obta ined in the 
Coulter Counter latex-ta/EE virus ag�lutina tion s tudy . The control 
co unts for latex ( Table 3 )  exh ibited the decrea se in count a s  the 
thre shold increa sed , a s  wa s  shown ea rl ier ( Fig . 8 and 9 ) .  A larger 
number of counts wa s  taken at ea ch ind ividun l thre shold , thus allowing 
a be tter stat ist ica l picture of the event s tha t occurred . Because 
d ata were still unavailable which would chA ra c teri ze the ag�re gate s 
into fin ite grouos of d imers , trimers , te trame rs , etc . ,  a n  a ttempt 
wa s m�de to a nalyze the data obtained in such a ma nner that charac­
te ristic s  of the - virus-induced a ggre�ates could be somewhat mea sured 
a nd thus allow for compa rison wi th different concentrations of virus 
a nd n ntibody . With the help of Dr .  W. L. Tucker, SDSU Experiment 
Stat ion Statisticia n ,  a method to ana ly�e the da ta was developed : 
At thre shold zero , la tex control gave )LJ4)6 counts ( Table J ) . At 
thre shold one , latex control gave 27771 counts .  The di ffe rence was 
6665 counts .  At thre shold zero , latex plus a W'EE virus d ilution 
o f  1 0- 1 gave 31992 counts ( Table 4) . At threshold one , the count 
was 27931 .  The difference wa s  4061 . Ideally , for compari son . both 
c ounts at threshold zero would have been similar . This would have 
allowed for the mere ob::;erva tion of the difference in raw count of 
latex control a s  compared to the virus-latex saMple . However ,  the 
addition of the virus or antibody produced a cha. nge which in turn 
changed the raw count at the same threshold . Therefore . a n  attempt 
to further analyze the d(\ta was made by taking a difference of 
d ifference , or in other word s ,  a change in aggre�a.te count . For 
example . from threshold zero to thre shold one , the latex control 
cha nged 666.5 counts ; the virus-latex �nmole changed 4061 counts . 
The d ifference of d i fference or cha nge in a �grega te count wa s 
6665 minus 406 1 or 2604 counts . Beca.use 26 04 counts was lost in 
that threshold interval from zero to one , a negative s ign wa s  given 
to the count . If , as between thresholds one and two , the difference 
wa s 101 77 minus 1 0462 (latex control minus virus-latex ) or -285 , the 
sign wa s  ch:rnged to po sitive to indicRte an  increa se in the count at 
. 
• that threshold interva l . The change in aggrega te count vs . threshold 
interval was plotted ( Fig . 1 2 , 1 3 ,  and 1 1� )  to give a visua l represen­
tation or signature of what occurred when various d ilutions of WEE 
virus , l.fEE antibody , a nd combinations of both of these wa s added to 
latex control .  The latex control line wa s  drawn .a s zero to demon­
stra te the fluctuation or cha nge from the control after the aggrega te 
wa s  produced . Significa.nce to the • 0.5 and • 01 level was determined 
by the t test with unequal variance and unequal sample si ze ( Table 
3 through 1 0 ) . The significance wa s  determined between latex control 
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a nd 1 0- 1  dilution . or WEE virus and /or antibody , 1 0-1 dilution �nd 
1 0-2 diluti�n , 1 0-2 dilut ion and 1 0- 3 dilution , etc . Significa nce 
o f the antibody And virus m ixture nata wa s  al so determined by the 
t test between the la tex-virus-a ntibody sample and the latex-antibody 
sample . 
To further analyze the da ta , a computer was programmed to 
d e temine an equa tion for the signa.ture tha t w�s obta.tned . fo r each 
o f  the various ·d ilutions of W'EE virus , antibody , and mixture of 
virus-a ntibody _ ( Table 1 1 ) .  Also , the percent of variance in y 
explained and total v� riance of y is also given .  I n  all ca ses but 
one , the percent of. va ria nce in y explained wa s found to be grea ter 
than 5� . Ming and Goodman ( 1965 )  determined theoretical rate curves 
for the process of a ggregation in immune agglutination hy a similar 
m e thod . 
Fluore scence meR surement s of a standard FITC solution were obta ined 
on a G .  K. Turner nuo rometer Model 1 1 0 with sens itivity at  1 X and 
JOX ( Tahle 12 and 13) . As wa s expec ted , two-fold dilutions of the 
stancard solution gave fluore scence reading which were approximately 
halved as  the dilution increased . Figure 1 5  shows linearity of the 
FITC fluore scence· curve . Thi s  would indicate tha t the fluorescence 
is d irectly related to the concentra t ion of fluorochrome being read . 
In fact ,  the fluorometer wa s  qu ite linear even whe n  fluore scen�e 
approa ched the m i nimum a.niount which could he detected • bo t h  at 1X 
a nd 30X.  
To determine some relationship be tween observed fluore scence and 
the concentration of FI�C , the following ca lcula tions were made : 
1"' mg FI'!'C = 2 . 666 x 1 o- 1 mg FITC/ ml P�S 1' 5  ml PBS 
A 1 : 100 d ilution of this so luti on was mRde . 
Therefore : 2 . 666 x 1 0- 3 mg FITC/ ml PRS in the read 
FITC standard · solut ion 
Bec�u se the molecula r weigbt of FITC is 389 . 4 ,  
( Nu trit ionc-:tl Biochemicals Corporation ) 
·-
. 4 mg FITC _ 2 380 .1� mg/ mmole - 1 . 02? x 1 0- � mmoles FI'rC 
Avaga d ros number = 6 . 02 3  x r o20 mo lecules/ mmole 
Therefore : 
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2 20 I ( 1 . 027 x 10- mmoles FITC ) ( 6 . 023 x 1 0  mol ecules nimole ) 
= 6 . 1 86. x 1 01 8 FITC molecules 
In 15 ml PBS , 
6 6 18  . 1 8 x 1 0  FITC molecule s = 1 5 ml PBS 
= 4. 12lJ. x 1 0 17 FITC n1olecules/ ml PBS 
A 1 : 100 dilution of thi s  solut ion wa s  made . 
Therefore : 4. 1 24 x 1 01 5 FITC molecule s / ml PBS in 
the re� d  FITC sta ndard solution 
Fron1 this , it is determined that the original FITC standard 
solution conta ined 2 . h66 x 1 0- 1 mg FI�C/ ml PBS or 4 . 124 x 1 017 FITC 
molecule s/ ml PBS.  
From the FITC Stand a rd Solution Fluore scence curve ( Fig . 1 5 )  
for 30X sensitivity , a t  a fluoreRcence reading o f  50 fluorometer 
d i�l units , 1 58 Unit Relative Dilutions ( UR)  c orre soond to 
6 . 429 x 10-6 mg FTTC/ ml P�s . 
Therefore : 
(�.429 x 10-6 mg FITC/ ml PBS ) ( 6.023 x 1 020 1 1 / 1 ) 389 .4 mg FirC/ mrnole roo ecu e s  mmo e 
= 9.944 x 1012 FITC molecule s/ ml PBS 
Therefore : 
9 .944 x 1012 FITC molecul e s/ ml P�S 50 fluoromet er dial units 
· = 1 .988 x 1 01 1 FITC molecules/ ml PBS/ at�£rometer 
u nit · 
A new unit of fluore sc ence which was related to the FITC 
s ta nda rd solu tion was then defined : 1 FNU · = that quant ity of fluoro­
chrome which corre sponded to the fluorescence produced by 
1 . 988 x 101 1  FITC molecules / ml 0 . 2 M P�S - pH ? . J in a G .  K .  Turner 
fluorometer Model 110 equipped with a 47B priMary filte r , a 58 secondary . 
filter,  and detected at )OX sens itivity. 
1 FNU - 1 .988 x 101 1  FITC molecules/ ml PBS 
1 . 286 x 10-7 mg FITC/ ml PBS 
The relationship of FITC fluores cence to R�a se molecule s ,  
milligrams , and Un1.t o f  enzyme wa s made i n  the following manner : 
After pa ssage through a G-25 Sephadex column , a�1pro:ximately 12  ml 
of RNase fraction 1 wa s  col lected . Assn.ming that 100( of the 
original RNa se w� s coll�cted , 0 . 8  mg of RNase would have been 
that amount in 12 ml of 0 . 2 M PBS - pH 7 � 3 . 
There fore : 
0. 8 mg RNa. se 
1 2 ml PBS 
= 6 . 666 x 1 0-2 mg RNase /  ml PBS 
Because a 1 : 4  dilution of this solution was mci.de with PBS , 
6 . 666 x 1 0-2 mg RNase/ ml PBS 
= t . 666 x 10-2 mg RNase/ · m1 PBS 4 
RNase Tt from Asne�gillus ory-zae ha s a molecular weight of 
( 1 , 085 ( Barman , 1969 ) . 
Therefore : 
· ( 1 . 666 x 1 0-
2 �� ar-se/ �l· l;BS ) ( 6 . 023 x 1 020 molecules/ mmole )  
1 1  , o1J5 mg / mmole 
= 9 . 052 x 1014 RNa se molecule s / ml PBS 
Dlch ampoule of RNase con ta ined 100 , 000 Units (Nutritional 
Biochemicals Corporation ) 
Therefore : 
400 , 000 RN��e Ur1 its = 33 , '33:3 . 3 RMa se Units/ ml PBS 12 ml PBS 
A 1 : 4 d ilution of this solution was mad e with PBS :  
33, 333 . 3  RN'�se Uuits / ml PBS = 8 , 333 . 3  RNa se nnits/  ml PBS 4 
3? 
When the PITC con jugated RMa se wa s  read in the nuorometer for 
. fluorescence _( Table 14) , and the curve drawn (Fig. 16 ) , a linear 
relationship between fluorescence a nd enzyme was shovm . The rela-
t ionship between FITC molecul e s  and RNa se molecules wa s  made by com-
paring the number of molecules measured at a fluorescence reading 0£ 
5 0 fluorometer d ia l · units on both the FITC Standard Solution Fluor-
e s cence curve (Fig . 1 5 )  and FITC Conjugated RMase Fluore scence 
curve ( Fig . 1 6 )  at a sensitivity setting of )OX: 
( 6 . 429 x 1 0-6 mg FT.TC/ ml PRS ) ( 6 . 023 x 1020 molecule s / rnmole )  389 .4 mg/ mmole 
= 9 . 944 x 1 01 2 FITC molecules/ ml PBS 
( 1 . 066 x 1 0�
·3· m� RNa se/ ml P'RS ) (6 . 02) x 1 020 molecule s / mmole )  1 1 , 085 mg7 mmole 
= 5 . ?92 x 101 3 RNase molecules/ ml PBS 
Therefore : 
5 . ?92 x 101 3 RNase molecules/ ml PBS 
9 . 944 x 1012 FITC molecule s/ ml PBS 
= 5 . 825 RNase molecules / FITC molecule 
There fore , it was. determined that 1 FITC molecule wa s tagging , 
on the avera ge , every 5 . 825 molecule s of RNase . 
Whe n 6- 14 micron latex which had been dyed commerc ially with a 
f.luorochrome -wa s excited by a Hb 200 lamp , a certain amount of decay 
i n  fluore scence wa s detected by using a Farrand �SA with a 2 nm slit , 
0 . 09 mm pin hole , and detecting a wa velen�th of 525 nm ( Table 1.5) .  
It was demonstra ted that in order to obta in reliable latex fluores-
cence data which is a true inn ication of the fluorescence . read ings 
should be ta ke n prefe rably within one minute of initial fl uorochrome 
excit3 tion . Even within the time l imit of one mi nute , a decrea se 
in fluore scence of 25( wa. s  de tec terl . A 50� decrea se in fl uo re scence 
ve a mea sured wi thin three minute s of initia l excita tion . 
A s would be expec ted , sm:l ller s i zed la tex p� rticle s  in the 6-1 4 
m i c ron latex suspension exh ibited only about 5� of the fluore scence 
( Table 16 )  tha t the la rP-e particle exhibit ed ( 0 . 09 mm pin hole 
d iameter ) . The perce ntage wn s �ven smaller when compari son wa s  made 
o f  latex fluore scence mea sured in the large r pin hole d iame ters .  
The commercially dyed la tex mo st certainly demonstrated orofour1d 
fluore scence wh ich could be used as a means of marking or identi­
fying virus induced aggregates . 
Fluore scence read ings ta ken of 2 . 02 la t ex ind icated that the 
latex particle if.self ha s a certain amount of inherent fluorescence 
( Table 1 7) . Also , it wa s  sho11m tha t the fluorescence a ppe� r s  to be 
d irectly rela ted to the numher of la tex or conc entration o f  latexo 
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The la tex exh ibited so much fluorescence in the d ilutions , tha t 
e quiva lence to Ft.i'U could be m::td e . Agaln , a s  with the 6- 1 4  commercially 
dyed la tex particl es , the inhe re nt fluore scenc e  of 2 . 02 la tex may 
be a n a sse t  a s  a marker or mea sure of vi rus-la tex agglutina t ion o 
The attempt to detect FITC conjugated RNa se which had associated 
with the RNA nucle ic acid core in Influenza A2/ Hong Kong strain 
virus appeared to be succes sful . Fluore scence of the resuspended 
pe llet wa s  notic eably greater with a greater number of virus being 
subjected to the enzyme ( Tabl� 18 ) .  Although duplicate tube s d id 
not necessart ly exhibit the same amount of fluore s cence , thi s may 
· hav13 bee n  due to incomnlete removal of all of the supernatant during 
the e ighth step of the experiment . Also • the formaldehyde trea.ted 
virus-la tex cQmplex demonstrated more fluorescence than d id the ether 
t rea ted or PBS control tube . The fornmldehyde control w� s inc idently 
l e s s  fluorescent than wa s  t he 201, ether control tube . Tube number 
1 wa s  ina dvertently ruined during the enzyme add iti.on of the exper­
iment and consequently i s  not shown in the re sults . It does  appear 
l ikely that virus particles  can be detected by treat ing them with a 
f1 uorochrome tagged nuclea se and re� rling the subse quently fluore sc ing 
virus pa rticle . Figure 17 shows granhically, the fluore sce nc e  of 
the latex-virus complex and the sunerna ta nt . 
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Characteri stic s and Compari son o f  latex and Acryl Particles 
Polystyrene and polyv1.nyltoluene la tex partic les 
Polystyrene , a polymer of s tyrene (b .p.  145 C ,  0 .90 density ,  
f . p .  - 30 C )  which i s  the simplest aromatic compound with a n  unsat­
urated side ch� in ( C-olding , 19 59 ) , has a dens ity of 1 . 05 ,  i ndex or 
refraction of 1 . 592 at 20 C (Dow Chemical Company , personal communi­
c a tion) , and molecular weight of 80 , 000 t0 J00 , 000 depending on 
polymer length ( Golding , 1959 ) . Polyvinyltoluene is quite s imilar 
with a methyl group attached to the benzene ring . The chemical strue-
tures are : 
( - CH - CH2 - CH - CH2 - CH - CH2 - )n 0 0 0 
Poly�tyrene 
( - CH - CH2 - CH - CH2 - CH - CR2 - )n o- 0 0 
CHJ CH3 CH3 
Polyvinyl toluene 
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The se polymers exhibit a sluggish activity in chemical reactions , 
which is typical o r  maf\Y high polymers of the vinrl type ( Sch:Hdknecht , 
1952 ) . The sta.bil ity of the particles i s  due to the st!"'ong adsorption 
at the polymer-wa ter interface of soap or soap-like substances . With 
cha�ged lB.ttices , the m.onopolar end of the se substances may be ad sorbed 
on the polymer with polar ends t.oward the water . Dissociation of the 
polar groups ma.y ca.use a change ot the interface with counter ions 
forming a double layer in the water . With stability related to their 
( the particle s )  electrical nature , the use of the latex nece ssitates 
c ontrol of the cha rge . The .charge stability may be decrea sed by the 
e lectrolytes , water-soluble solvents , pH changes or other water-
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mi scible agents . Improved stabili ty may be gained by the use of hydro­
philic protective colloid s such as polyvinyl alcohols and polyelectro­
lyte s ( aMmonium. polyacrylate ) ( Schildknecht , 1956 ) . 
These nolymers are resistant to acid s , alkalies , a nd alcohols 
( Schild knecht , 1956 ) , but a re readily soluble in aromatic and chlori­
nated carbohydrate s . and many esters and ketones . They are swelled 
but not dissolved by alipha tic hydrocarbons and acetone {Golding , 
1959 ) . · High polymeric polystyrene (mol . wt .  200 , 000 - J00 , 000 ) is 
hydrophilic and has a great resista nce for chemical age nts . Poly­
styrene swells or dissolves in benzene but not in hexane ( Signer , 
19:36) . Solid polystyrene i s  stable to aqueous solu·tions or various 
oxidizing agents such a s  permanga na te , dichromate , and hydrogen per-
, 
oxide .  Powdered polystyrene dissolves in fuming nitric acid with heat 
evolution. Reduction with ammoniacal socl ium hyd.rosulfite produces an 
" amino Polystyrene " ( Schildknecht , 1952 ) .  Beta-propiolactone also 
di sintegrates polystyrene and polyvinyl particles are deformed after 
long exposure to it ( Extra Pharmocopoei� , 25th ed . ) .  
Polystyrene macromolecules in solution may be broken by shear­
t)'pe agitation or by ultrasonic wave s ( Schildknecht , 1952 ) . Irrad­
iation of polystyrene by high ener� ,B-partieles causes degrada tion 
if air is present , but may cause erosslinking if oxygen is excluded 
( Schildknecht , 1956 ) . 
Photo-oxidation may occur on exposure to light . This causes a 
yellowing of polystyrene . Indications are that the formation of 
c arboxyl groups occurs to cause the d iscoloration . Saturated ali-
4) 
phatic and cyclic amines and amino alcohols ( N-cyclohexyl amino ethanol ) 
are effective stabilizers against the photo-oxidation ( Sch ildknecht ,  
19.52 ) . 
Styrene divinyl benzene latex particles 
styrene divinyl benzene is a copolymer of styrene wi.th P-divinyl 
be nzene . It possesses a density equal to that of polystyrene ( 1 . 05 )  
0 
and ha s an index of refraction of 1 . 58? at 25 C and 5400 A ( Golding , 
1959 ) • . 
Jhen styrene copolymerize s  with divinyl benzene , a tetra func­
tional unit is formed which thus allows a three dimensional network 
to occur :  
Styrene divi?lY'l benzene 
If the percentage of p-divtnyl benzene in the polystyrene­
d ivinyl benzene complex remains at o .oo�, the compound i s  no longer 
soluble in benzene although it does swell markedly (Golding , 1959) . 
It is  thought that styrene divinyl benzene serves as a · cross-linkage 
in the polystyrene chains with a resultant three-dimensional polymer 
which swells but does not dissolve in the usual solvents (Golding , 
1 959 ) . 
Aoryl particles 
Acryl particles ( Colab ) , polymethyl methacrylate pl.as tic , are 
polymers of the hardest of the common acrylic esters . Its basic 
structure is : 
CH3 
I 
CH2=C - C00CH3 
Methyl methac:rylate 
Physiochemical Properties ( polymethyl methacrylate ) 
light transmission 9 1-92� 
refractive index 1 . 49 
densi·ty 1 . 18 
water absorption o .3( 
(Golding , 1959 ) 
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Th.ey are resistant to d ilute solutions of acids and alkalies ,  
al iphatic hydrocarbons , petroleum oi l �  and dilute alcohols . They are 
not resistant to concentrated alkalies and oxidizing acids , the lower 
ketones ,  esters , or aromatic and halogenated hydrocarbons (Golding , 1959 �  
Solubility in oils and hydrocarbons increases with an increase 
in the size of the alcohol portion of the ester on the polymethacry­
la tes .  X-ray diffraction studies have indicated that the crystal­
l i ni ty of the tetradecyl and higher ester nolyn1ers is due to crystal­
lization of the long alcohol portions of the cha.ins , rather than the 
usual alignment of the polymer chains themselves (Golding , 1959) .  
When free of cross-linkin�s , methyl methacrylate polymers are 
. 
soluble in acetone , ethyl acetate , ethylene dichloride , carbon tetra-
-
chloride , toluene , acetic acid , and related solvents . Some aliphatic 
hydrocarbons anrl ethanol soften these polymers . They do , however ,  
exhibit resistance to  many aqueous inorganic reagents at room temper-
45 
ature including 10( sulfuric acid , hydrochloric acid , sodium hydroxide ,  
nitric acid , sodium chloride ,  and ammonium hyd roxide • Only methyl 
�ethacrylate polymer dissolves in fonnic acid at 25 C ( Schildknecht , 
19 52 ) . 
IJ.quids which attack polymet�vl methacrylate include many alcohols , 
e �ters , ketones ,  aromatic hydrocarbons , chlorinated solvents ,  phenol , 
and carbon disulfide ( Schildknecht , 1956) . 
Continued exposure to outdoors can cause decreased ultraviolet  
transmission until approximately two o r  three months , at  which time 
a relatively const�nt value is reached . This may be accompanied by 
an increase in fluorescence observable in ultraviolet light ( Schild-
knecht ,  1956) . 
The most serious limitation of methyl methacrylate plastics in 
commercial preparations is its poor abrasion and mar resist� nee 
compared to glass .  Contact of the methyl methaerylate polymers 
with 
o rganic solve nt s causes a network of very small cracks to fo1� , 
beginning at �he surface . Thi s  is referred to a s  cra zing . These 
may in fact be assets to us by e n�bling us to provide more binding 
s i tes on the acryl partic le . surfaces for coating attachment . ( Schild­
knecht , 1952) . 
. . 
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Reac tion of various inert part icles with 
Rheumatoid Arthriti s  positive control · 
Note : _ one drop posi tive control added to 
each c ircle 
1 drop inert 
particle s  
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2 d rops inert 
particles 
2 drops po sitive 
c o ntrol · 
1 drop eosin 
1 drop po s it ive 
control 
1 nrop eosin · 
Figure 2 .  Control slide for Rheumatoid Arthritis latex 
agglutination test . 
2 drops positive 1 drop po sitive 
control c ontrol 
1 drop eosin · 1 drop eosin 
2 drops o . 81 Jl. 1 drop o. 81 )l 
latex latex 
Figure J. Reaction of 0 .  81 )1 latex with Rheurna. toid 
Arthrit is positive control . 
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Figure 4. Optical Density Sta ndard Curve for 1 . 01 1 micron Polystyrene 
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Figure ?.  
A gglutina t ion o f  1 . 01 1 p latex 
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South Dakota strain 4i o .  X450 
Agglutination of 1 . 01 1  )1 latex 4 with 1 drop ( ap�roxirna tely 2 x 1 0  pfu) 
o f  Eastern equine encephalitis virus . X450 
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Figure 9 .  Control Latex Coulter Counter Curve with Average Difference \J 
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Figure 10.  t.VEE Virus-I.a�ex Coulter Counter Curve l-rith Average Difference 2 5  1 2  
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2 5 r Figure 1 1 .  Comparison Average Diffe rence Curve of WEE Virus-Latex and latex Control 
CJ---- latex Control 
Latex nlu� WEB virus ( 1o5• ) pfu or 
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Latex Con trol 
Th re sh- Mea.'1 S tandard Numb e r  
hold (T) Devia t ion of Coun ts 
- o 34436 9 6 1  3 0  
1 2 7 7 71 1188 30 
2 1 7594 1 3 32 30 
3 10024 643 31 
4 7531 466 30 
5 5 1 4 7  3 7 0  30 
6 366 3  185 30 
7 2626 182 30 
8 1 7 2 7  121 30 
9 1 4 7 1  147 30 
10 1064 100 29 
11 8 35 49 25 
12 649 35 16 
1 3  5 14 54 15 
14 480 45 11 
15 402 79 8 
Table 3 .  Latex control data for Coulter Counter latex­
WEE viru� agglutina t ion study . 
57 
T Mean 
0 3 1 9 9 2  
1 2 7 9 3 1  
2 1 7 4 6 9  
3 10 1 76 
4 8032 
5 5 32 5  
6 3845 
7 2 8 7 1  
8 2065 
9 1 5 89 
10 1144 
11 . 9 3 1 
12 7 9 3  
1 3  598 
14 5 4 3  
15 41 7 
Table 4. 
Latex + 10-l WEE Virus Latex + 10-2 WEE Virus 
S tandard Number S igni fi cance Mean S tand ard Numbe r S i gn i f i cance 
Dev i a t ion o f  Counts *= . 05 Leve l Devia tion of Coun ts · · *= . 05 Le ve l 
**• . 0 1 Level **= . 0 1 Leve l 
1 3 38 9 5 . 0 9 9 ** 2 9 4 6 1  5 84 9 5 . 20 1** 
1 7 1 7  9 - • 26 1NS 2 39 8 3 3 92 9 . 6 . 7 25 * *  
8 36 9 . 3 37NS 15 6 9 5  5 39 9 3 . 3 5 0 *  
1060 9 - . 4 09NS 9 1 36 1 36 9 2 . 9 19 * 
5 1 2  9 -2 . 6 2 7* 7055 222 9 5 . 25 2 ** 
3 5 5  9 . -1 . 306NS 4 8 1 3  2 0 1  9 · 3 . 7 6 5 * *  
204 9 -2 . 39 7 * 3 5 8 3  180 9 2 . 889 * 
2 74 9 -2 . 5 2 1* 2 7 49 4 9  9 1 .  3 15 N S  
2 0 9  9 -4 . 6 25 ** 1 7 5 2  6 4  9 4 .  2 9 6 ** 
1 3 9  9 -2 . 204NS 15 4 3  6 4  9 . 9 02NS 
129 9 -l . 7 08NS 1 1 4 1  I 5 2  9 . 06 5 NS 
149 9 -l . 896NS 9 0 7  4 6  1 1  . 46 5 NS 
121 9 - 3 . 4 89* *  7 4 7  4 1  9 l . 080NS 
71 9 - 3 . 05 8* 5 55 3 8  9 1 . 6 02NS 
59 9 -2 . 6 3 7* 4 7 1  5 0  9 2 . 79 3 *  
6 8  9 - . 417NS 364 21 9 2 . 2 3 4* 
Counts
1
and significance of change in aggregate count for WEE virus dilution 








2 16 396 
3 9 375 
4 700 3 
5 4971  




10 11 30 
11 913  
12  748  
13  5 5 0  
14 468 
15 349 
Table 5 . 
Latex + io-3 WEE Vi rus Latex + 10-4 WEE Vi rus 
S t andard Number S ign i f i c ance Mean S t andard Number S i gn i fi cance 
Deviat ion o f  Counts *= . 05 Level Devi a t i on of Counts *= . 05 Le ve l 
** ... . 01  Level **�. 01  Leve l 
56 3 9 , - . 30 3NS 30923  86 1 9 -4 . 024** 
2004 8 -2 . 6 1 3* 26654 2 35 1 9 - . 0 76NS 
660 9 -2 . 468* 16 7 3 7  7 3 1  10 -1 . 068NS 
332 9 -1 .  998NS 9622 310 9 -l . 6 3 1NS 
1 3 7  9 . S 98NS 7082 247  10 - . 8 7 3NS 
148 9 -1 .  893NS 5021 2 7 1  10 - . S06NS 
154 9 1 . 140NS 35 31 88 9 - . 643NS 
60 9 3 . 989** 2692 98  9 -1 .  20 1NS 
136 9 -1 .  7 16NS 1875 165 9 - . 519NS 
76  9 - . 15 1NS 1490 1 23  10 1 .  250NS 
39 9 . 508NS 1058 89 9 2 . 223NS 
31 11 - . 359NS 921  24 6 - . 591NS 
30 10 - . 060NS 725 , 2 2  6 1 .  761NS 
24 9 . 334NS 556 35 6 - . 36 6NS 
2 7  9 . 15 8NS . 456 25 6 . 882NS 
18 9 l . 6 2 7NS 350 34 6 - . 066NS 
Counts and significance or change in aggregate count for �JEE virus dilution 




T Me an 
0 32624 
1 2 7 39 7  
2 1 7988 
3 1091�5 
4 fll33  






11  1220 
12 1020 
13 781 
14 6 7 3 
15 5 23  
Table 6.  
Latex + 10-l WEE ·Ant ibody Latex + io-2 WEE Ant i b ody 
S t andard Number S i gn i fican ce Me an ·S tandard Number S i gn i f i c an ce 
Devi a t ion of Coun t s  *= . 05 Leve l Devi a tion of Coun ts *• . OS Leve l 
**• . 01 Leve l **• . 01  Leve l 
846 10 , 5 . 664** 28584 372 9 13 . 701** 
1498 10 • 7 18NS 24722  1576  9 3 . 782** 
346 9 -l . 46 4N S 15472  210  9 18 . 6 49** 
552  9 -4 . 240** 9564 3 38 . 10 '6 . 490** 
150 9 -6 . 100** 7073  438 9 6 . 86 9** 
209 9 -8 . 058** 46 35 225  9 12 . 641**  
295  10 -6 . 017** 3 32 8  138 9 8 . 96 1**  
1 35 9 -1 1 . 6 9 1** 2505 69 9 15 . 3 35**  
121  9 -14 . 765** 1755  82 9· 1 3 . 36 1** 
75 10 -14 . 491** 1525 18 9 19 . 007 
69  10  -1 3 . 96 1** 1083 34 9 15 . 496** 
7 3  9 -14 . 6 76** 871  46 9 12 . 134** 
55  9 -18 . 26 3** 726 39 9 13 . 081** 
44 9 -13 . 194** 5 36 32 9 13 . 5 10** 
39 9 -10 . 2 71** 454 2 3  6 1 3 . 65 6** 
2 3  6 -4 . 106** 348 2 2  6 3 . 468** 
Counts and significance of change · in aggregate count for WEE antibody dilution 






0 2 7 9 44 
1 2 3 1 2 9  
2 14980 
3 8691 
4 62 26 
5 4 2 9 5  
6 3307 
7 2 2 86 
8 1 6 81 
9 1 369 
10 990 
11 7 88 
12 661 
1 3  496 
14 4 30 
1 5  319 
Table ? . 
Latex + - 10- 3 WEE Antibody Latex + lo-4 WEE An t ibody 
St andard Nu.'llber Signi fican ce Mean S t andard Numbe r S i gn i f i can ce 
Deviat ion o f  Counts * .. .  05 Leve l Deviation of Coun t s  *= . 05 Leve l 
**= . 01 Le ve l  **• . 01 Leve l 
. 
6 5 0  1 0  2 . 66 6 *  31000 5 90 9 -10 . 7 4 2 * * 
388 9 2 . 944 * *  26 189 9 95 9 - 8 . 5 9 6 * *  
2 35 10 4 . 81 9 ** 16 1 7 3  3 7 8  9 · - 8 . 155 * * 
524 9 4 . 26 3* *  86 8 7  1 8 1  9 . 02 2 N S  
1 8 4  10 5 . 389 * *  6 6 8 1  8 6  9 - 7 . 0 1 5 * *  
86 10 4 . 26 2 ** 4 7 04 118 9 - 8 . 5 5 3 * *  
2 80 9 . 2 02NS 3 2 1 8  98 9 . 900NS 
68 9 6 . 782 * *  24 1 7 5 8 9 - 4 . 39 7 * * 
1 6 8  10 1. 2 39NS 1 7 1 8 1 1 4  9 - . 5 66NS 
7 1 9 6 . 389 ** 1 3 34 5 0 9 l . 209NS 
68 10 3 . 826 * *  9 86 5 5  9 . 142NS 
so 9 3 . 6 65 ** 800 3 2  9 - . 6 06NS 
4 7  9 3 . 19 3** 6 5 7  25 9 . 225NS 
41 9 2 .  30 7* 508 4 3 1 0  - . 6 2 2NS 
18 9 2 . 154NS 4 31 2 1  10 - . 112NS 
36 10 2 . 00 NS 320 12 12 - . 084NS 
Counts and significance of change in aggregate count for WEE a ntibody d ilution 




Latex + 10-5 WEE Antibody 
T Mean S t andard Numbe r S igni f icance 
Devia tion of Coun t s  *=- . 05 Leve l 
**= . 01 Level 
0 2 9 852 6 78 9 3 . 831** 
1 2 4 336 5 7 7 9 4 . 8 33** 
2 15 395 354 9 4 . 507** . 
3 8511 315 10 1 . 511NS 
4 6 2 74 366 11 3 . 5 70** 
5 4407 1 38 9 4 . 907** 
6 3056 155 9 2 . 650* 
7 2 2 48 37 9 7 . 3 70** 
8 1489 9 9  9 4 . 550** 
9 1 2 5 7  5 2  9 3 . 202** 
10 918 4 7  9 2 . 820* 
11 7 38 30 9 4 . 240* *  
12 601 25 9 4 . 752** 
13 482 20 9 1 .  7 1 7NS 
14 401 14 9 3 . 6 96** 
15 30S 20 12 1. 782NS 
Table 8. Counts and s igni .ficance of cha. ng3 in aggrega te count 
for HEE ant ibody d ilut ion of 1 0- • 
Latex + lo-1 WEE Antibody Latex + 1 0-1 WEE Antibody + io-1 WEE Virus 
T Mean S t andar d Number Mean S tandard Number S igni f i c ance 
Devia t i on of Coun t s  Devia ti on of Counts *:s . 0 5 Leve l 
**• . 0 1 Leve l 
0 3 2 6 2 4  846 10 3 37 4 3  46 3 -4 : 1 6 2 * *  
1 2 7 39 7  1 4 9 8  1 0  2 7 2 1 7  15 5  3 • 3 7 3N S  
2 1 7 9 8 8  346 9 1 8 5 2 5  3 5 5  3 -2 . 2 8 3N S  
3 10945 5 5 2 9 10780 14 8 3 • 8 1 3NS 
4 8 1 3 3  1 5 0  9 84 1 1  1 1 3  3 - 3 . 382 * 
5 59 29 2 0 9  9 6 016 84 3 -l . 0 2 SNS 
6 4 2 6 0  2 9 5  10 4 4 39 5 1  3 -1 . 8 30NS 
7 3 2 80 1 35 9 34 9 7  46 3 -4 . 1 5 3* 
8 2 4 06 1 2 1 9 2 6 35 80 3 - 3 . 7 34* 
9 1990 7 5  1 0  2090 30 4 - 3 . 5 6 3* 
10 1 4 64 6 9  10 1646 5 0 3 -5 . 0 3 0* *  
1 1  1220 7 3  9 1 2 7 7  6 9  3 -1 .  2 2 1NS 
12 1020 5 5  9 1168 35 3 -5 . 4 24** 
1 3 7 8 1  4 4 9 9 2 7  4 8  4 -5 . 1 91* *  
1 4  6 7 3  39 9 832 10 3 -1 1 . 1 78** 
15 5 2 3  2 3  6 6 45 54 5 -4 . 708** 
Table 9 .  Counts and significance of change in aggregate count !or 1VEE virus and WSE antibody dilution of 10- 1 . 
ff 
+ 
°' · \....) 
Latex + 10-2 WEE Antibody Latex + 10-2 WEE Ant ibody + 1 0-2 WEE V i r us 
T Mean S t andard Number Mean S t andard Numbe r Signi f i c ance 
Devia t ion of Counts Deviat i on of Counts *= . O S Leve l  
**== . 0 1 Leve l 
0 28584 3 7 2  9 2896 3 2 2 7  3 -2 . lO lNS 
1 2 4 7 2 2 1 5 7 6  
. 
, 9 2 4 1 5 0  1 6 4  3 l . 0 72NS 
2 15 4 7 2  2 1 0  9 1 5 5 6 3  2 6 2  3 - . 5 4 6NS 
3 9 5 6 4  3 38 10 8 34 4  7 4  3 10 . 5 9 9 * *  
4 7 0 7 3  4 38 9 6 4 2 4  7 3  4 4 : 31 2 * * 
5 4 6 35 2 2 5  9 4 2 6 5  7 7  4 4 . 389 * *  
6 3 328 1 38 9 3089 36 3 4 . 7 3 5 * * 
7 2505 69 9 2 31 4  1 7  3 7 . 6 38* *  
8 1 75 5  8 2  9 15 31 2 0  3 7 . 5 49 * * 
9 1 5 2 5  1 8  9 14 1 7  2 5  3 6 . 909 * *  
1 0  108 3 34 9 104 1 3 0  3 2 . 02 9NS 
11 871 46 9 8 74 2 8  3 - . 1 35NS 
12 726 39 9 7 31 1 1  I 3 - • 346NS 
1 3 5 36 32 9 5 6 6  1 0  3 -2 . 4 7 3* 
14 4 5 4  2 3  6 4 8 7  1 7  3 -2 . 4 2 9 * 
15 34 8 2 2  6 392 25 4 -2 . 859 * 
. 
Table 10 . Coun�s and significance of c�ange in aggregate count for WEE virus and 
�?EE antibody d ilution of 10- • 
� 
" 
Table 1 1 .  WEE Virus . A ntibody , and Virus-Antibody Signature Equations 
- 1  -1 0  WEE virus Polynomial regression of degree J 
y = - 1 7 1 J. 1 7  + x( 852 . 6�J ) + x2 ( - 1 1 5 . 27)  + x3 ( 4. 60 )  
6.5 
58. 1� variance in y explai ned 6833163 tota l varia nce 
-2 1 0 WEE virus Polynomial regres sion of degree 5 
y = - 1 409 .00 + x ( -316 . 89) + x2 ( J47 . 1 8 )  + x3 ( -60 . 53 ) + x4 ( 5 . J9 )  
+ x5( - . 1 5 ) 91 . �  variance in y explained 4689235 total variance 
1 0- 3  WEE virus Polynomial regres s ion of degree 5 
y = -281 1 � 72 + x ( 2 34J . 09 )  + x2 ( -74J . 87 )  + x3 ( t 07 . 45 )  � . x4 ( -7 . 1 1 ) 
+ x5 ( . 1 ? )  9l.J. .  6i1 varia nee i n  y exnlained 816045? total variance 
1 0-4 WF:E virus Polynomial regression of d egree z., 
82 . � va riance in y expla ined 5401491  total variance 
1 0- 1 W"P.E antibody Polynomial regression of degree 3 
y = - 1 JJ0 . 90 + x ( 580 .90 ) + x2 ( -71 . ?7 ) + x3 ( 2 . ?1 ) 
86 . 2� variance in y explained 2920206 total varianc� 
1 0-2 WF.E antibody · Polynomial regres sion of degree 3 
y = -2!��9 .90 + x (944. 01 ) + x2 ( - 1 1 2 .96 ) + x3 (4. 22 )  
82 . 6� variance i n  y explained QJ49485 total variance 
1 0-.3 WEE anti�ody Polynomial regression of degree 2 
y = - 1 874. 14 + x ( )Q4 . 85 )  + x2 ( - 19 . 46 ) 
82 . 3<( variance in y expla ined '6987729 tota l variance 
f o-4 1ifRE antibody Polynomial regres sion O f  degree 5 . . 4 
y = -1 667. 62 + x ( 1 628 . 16 )  + x2 ( -605 . 25 )  + x3 (97. 1 0 )  + x ( -6 . 90 ) 
+ x5 ( . 18 )  82 . 2� variance in y expla ined 1245545 tota l variance 
t .. 
Figure 1 2 • SlgMtura or tAtu Agy.lutlMtion ( 1c- t  - 10-4 d1lut.1ons of WP:E drua) 
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Table 12 . FITC Fluore scence Measurement Table 
FI'i'C Dilution · Fluore scence Unit * Fluore scence 
Relative ( mg/ml ) 1X Dilution JOX 
( lTR) 
2 . 666 x 1 0-:3 1 : 100 1 00 . 0  1024 -
1 . 333 x 10-'.3 1 : 200 1 00 . 0  .512  -
6 . 666 x 10-4 1 : 400 1 00 . 0  2.56 -
-4 1 : 800 98.0  1 28 J . )JJ x 10 -
1 . 666 x 1 0-4 1 : 1 , 600 50 . 2  64 -
8 . JJJ x 10-.5 1 : J , 200 2.5 . 4  '.32 -
4 . 1 66 x to-5 1 : 6 , 400 1 3 . 2  1 6  -
2 � 08'.3 x 10-5 1 : 12 , 800 6 . 4  8 -
1 . 041 x 10-5 1 : 2.5 , 600 J . O 4 7? . 8 
; . 208 x 10-6 1 : 5 1 , 200 2 . 0  2 40 . 8  
2 . 604 x 10-6 1 : 102 , 400 0 . 2  1 2J. 8  
1 . 302 x 10-6 1 : 204 , 800 - 1 4. 8 
. 
6 . 5 1 0  x 10-7 1 : 409 , 600 - 1 0 . 4  
3· . 2.5.5  x 10-7 1 : 81� , 200 - ? . 4 
1 . 62? x 10-? , 1 : 1 ,  6)8 , 400 - 6 . 0  
8 . 138 x 1 0-8 1 : 3 , 276 , POO - 4 . 8  
1� . 069 x 1 0-8 1 :6,553,600 - 3 . 1 
Unit * 
Relative 












•Used for plotting experimental data 
70 
Figure 15 . · 












G . K. Turner !luorometer 
l-!odel 1 10 
Filters : 47R primary 
58 secondary 
Sensitivity : 
lX o- - -o 
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20 40 60 







120 140 160 
FITC Concentration 
(UR for 1X : 2 . 604 x 10-� mg/ml) 
(UR for JOX � 4.069 x 10- mg/ml) 
180 .200 220 24o 260 
'1 ..... 
Table 1 J . F ITC S tandard Solution Compari s on Tab le 
tFITC Di lut i on FITc(rnYm1 ) . 
1 : 100 2 . 6 6 6x10- 3 
1 : 2 00 1 .  3 3 3xio- 3 
1 : 4 00 6 . 6 6 6xlo-4 
1 : 80 0  3 . 3 3 3xio -4 
1 : 1 , 6 00 l . 6 6 6xl0-4 
1 : 3 , 2 00 8 . 3 3 3xl0-5 
1 : 6 , 4 00 4 . 16 6x10-5 
1 : 12 , 800 2 . 0 8 3xlo-5 
1 : 2 5 , 6 00 1 . 04lxlo-5 
1 : 5 1 , 2 0 0  5 . 208xlo-6 
1 : 102 , 400 2 . 6 04x10-6 
1 : 204 , 800 l . 30 2x10-6 
1 : 409 , 6 00 6 . 5 1 ox10- 7 
1 : 8 1 9 , 2 00 3 . 2 5 5x10- 7 
1 : 1 , 6 38 , 400 l . 6 2 7xlo- 7 
1 : 3 , 2 7 6 , 800 8 . 1 38xl0-8 
1 : 6 , 5 5 3 , 6 00 4 . 06 9x10- 8 
. 
(molecule/<
lJ FITC . m 
4 . 1 2 4xlol5 
2 . 0 6 2 x10 1 5 
l . 0 3 lxlo1 5 
5 . 15 5 x lo l4 · 
2 . 5 7 7x1014 
1 .  2 89 xlo l4 
6 . 4 4 4xlo 1 3  
3 . 2 2 2xlo l 3  
l . 6 l lx 1 0 1 3  
3·. 05 s x10
1 2 
4 . 0 2 7xlo 1 2  
2 . 0 i4xlol 2  
l . 00 7xlo 1 2  
5 . 0 3 4x1o l l. 
2 . 5 1 7x lo l l  
l . 2 5 8xlo 1 1 




1 . 666 x 10-2 
8 . 333 x 10�3 
.4. 167 x 1 0-3 
8 -3 2 . 0  3 x 1 0  
1. . 042 x 1 0-3 
5 . 208 x 10-4 
2 .604 x 1 0-4 
1 . )02 ·x 1 0'""4 
6 . 51 0 x 1 0-5 
3 . 2;5 x 1 o-5 
1 .62R x rn-5 
Table 1 4. FITC Conjugated RVase Fluore scence Mea surement Table 
RNase!. i)ilution Fluore scence Unib Fluorescence 
Relative 
molecules/Ml Units /ml+ )OX 1 X  Dilution , ( UR) 
9 . 052 x 1 0
14 8333 . 3 1 :4 35 �_2 1 6  1 0 0 . 0 
4.526 x 1014 4166.7  1 : 8 17 .2 8 1 00 . 0  
2 . 263 x 1014 208-3 . 3  1 : 16 8 . 0  4 1 00. 0 
1 . 132 x 1 014 1 041 . 7  1 : 32 4. o 2 1 9 .5 . 0 
5 . 658 x 1 013 520 . 8  1 : 64 2 .0 1 48 . 5  
2. 829 x 1013 260 .4 1 : 128 - 2?. 0  
1 .414 x 1 013 1 30 . 2  1 : 256 - 14. o  
7 . 072 x 1 012 65 . 1 1 : 512 - a . o  
3 .536 x 10 12 32 . 6 1 : 1 , 024 - · 6 . 2  
1 . 768 x 1 01 2  1 6 . 3  1 : 2 , 048 - 3 .8 




( UR)  











� based upon the assumption that 1 0� of the 
RNa se is recovered as FITC eonjug�ted· !iMase 
• used for plotting experimental data 
+ One International Unit of enzyme = that amount 
which will catalyze the transformation of 1 micro­
mole or substrate per minute '"" \...> 
t> () c II) 0 17) 
f 0 
� 
Figu� 16.  FITC Conjugated R�asa Fluorescence 
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Table 15 . Sin�le Particle Latex Fluore scence Decay Table 
Elapsed Time Current 
' 
(min : sec ) (µamp) 
0 : 00 0 . 225 
0 : )5 0 . 200 
0 : 55 0 . 1?0 
1 : 0.5 
. 
0 . 150 
1 :  1.5 0 . 1 40 
1 : 52 0 . 1 30 
2 : 22 0 . 1 20 
) : 20 0 . 1 1 0  
3 : 25 0 . 1 00 
3 : .50 0 . 095 
6 : 20 0 . 082 
8 : 10 O . O?O 
8 : 40 0 . 055 
1 0 : 00 0 .05.5 
Farrand MSA (Micro scope Spectrum An�lyzer ) 
6- 1 4  p diameter styrene d ivinylbenzene 
.5 25 nm 
2 nm slit 
0 . 09 111nt pin hole 
?.5 
Table 1 6 .  Single Particle Latex Fluorescence Measurement 
latex Si ze Pin Hole 
Diameter 
( 1'1tn )  
small 0 . 09 
0 . 1 3 
0 . 18 
medium 0 . 09 
0 . 1 3 . 
0 . 1 8 
-
large 0 . 09 
0 . 1 3 
0 . 1 8 
0 . 22 
Farrand MSA (¥icroscope Spectrum Analyzer ) 
6-14 µ diameter styrene d ivinylbenzene 
2 nm slit 
Current 
(p.amp) 
0 . 0 1 1 
0 . 055 
0 . 058 
0 . 030 
0 . 1 80 
0 . 520 
0 . 20 5  




Table 17 . 
Uni t )< 
Rela t ive 
D i lu t i on 
1 2 8  
64  






2 . 02µ dia Polyvinyl To luene F lu o r e s cence Meas uremen t 
Eq uivalent F ITC 
D i l u t i on o f  F luore s c en t C oncen t ra t i on �mo l e c u les) 
Ori gina l 10% Solids Re ading ( 30X) M! 
1 : 100 87 . S  1 .  8346 xl0 1� 
1 : 200 46 . 0  9 . 06 29x101 
J . : 400 22 . 0  3 . 6 50 3xl012 
1 : 800 7 . 8  7 . 4056x1Qll 
1 : 1 , 6 00 7 . 0  2 . 8322xlo11 
1 : 3 , 200 5 . 5 
1 : 6 , 400 4 . 0  
1 : 12 , 800 3 . 8  : 
*used £or plo � ting experimen tal data 
Equivalent 
FNU 
9 . 2 28 x1o l 
4 . 559x1ol 
l . 836xlOl 
2 . 2 16 













1 0  
Table 1B.  RNase Treated Influenza A2-coated I;ltex Complex Fluorescence Measurements 
Tnfl��nza Total Pretreat:'!lent ot Fluorescence 
I.ateX* Enzyme Virus Virus Virus latex-Virus Resusnended Supernatant Total (ml) 
? . 5  
7 . S 
7 . 5  
7 . 5  
? . 5  
7. 5  
? . 5  
7 . 5 
?.5  
PBS 
( ml ) U  ( ml ) Dilution Cou nt••• Corriplex Pellet 
undil 1 : 2 1 : 4  undil 
1 . 0 1 . 0 undil 8 6 . 5 x 10 0 . 5  ml p-qg 23 . 5 1 0 . 0  ) . 0  40 . 0  
8 41 . 8  1 . 0 1 .0 unclil 6.5 x 10 0 . 5  m l  ether 23 . 0  - -
1 . 0 1 . 0 undi.1 8 6 . 5 x 1 0  0 . 5 ml  ether 27 . 5  1 0 . 0  3 . 0  45 . 0  
1 . 0 1 .0 und i l  6.5  x 10 8 0 . 5  ml 29 . 0  12 . 0  4 . 2  45 . 0  
8 formald ehyde 1 . 0 1 . 0 undil 6 . 5  x 10  0 . 5 ml 27 . 2  - - 40 . 0  
7 f orrn:lldehyde 1 . 0 1 . 0 1 : 10 6.5 x 10 0 .. 5 ml ether 27 . 0  1 0 . 2  '.3 .0 42. 0  
1 . 0  1 . 0 1 : 100 6. 5 x 10 6 0 . 5 ml ether 2J . 6  8. 2 3 . 0  42 . 0  
1 . 0 1 . 0 1 : 10 6.5 x 107 0 . 5  ml 24. 8  7 .4 3 . 8  40 . o  
8 formaldehyde 1 . 0 1 . 0 undil 6 . 5  x 10 0 . 5  m l  PBS · 1 . o  - - :38. 2  
6 x 1 0-3 M formaldehyde 
20( ether 
8 . •tatex = ).0 x 10 2 .02 µ latex particles/ ?.5 ml (undiluted ) 
••Bnzyme a 3J3J. 3  Units/ ml ( 1 : 10 dilution) 
• • •Electron microscope count of Influenza. A2/Hong Kong strain virus particles 
6 3 . 5 
64.8 
72 . 5  
74 . o  
67 . 2  
69 . 0  
65 . 6  
64. 8  
J9 . 2  
o.6  




2 . 025 x 1 01 
1 .962 x 101 
2 . 452 x 10 1 
2 . 626 x 101 
2 . 421 x 1 0  1 
2 . 405 x 101 
2 . 025 x 1 0  1 
2.089 x 10 1 
� CX> 
?9 
Figure 1 ? .  
F luo res cc�.cc o f  i..a t e x -Vi r m ;  C�mp lc :r: . and . Supc rn .1 ta�t 
Tube· no . 
CONCLUSIONS 
1 .  Latex particles of 2 . 02 micron d iameter are relatively inert 
matter with excell
.
ent virus adsorbent propertie s . 
2 .  Latex-virus aggrega tes can be demonstra ted d ire ctly with light 
. 
m icroscopy and indirectly with Coulte r Counter data . 
3 .  Sta tistically significant s igna tures of WEE virus and WEE a ntibody 
have been obtained , based upon the effect that these reactants 
have unon la tex pa rticle s .  
4 . Mathemat ical equations have been determined for various s ignatures 
or WEE virus and WEE antibody . 
80 
5 . A new unit of flv crescence ( FNU )  for standard i zation of fluorescing 
compounds and materials has been defined . 
6 .  Decay kinetic s  of commerc ial fluorochroMe-labeled la tex particles 
has been init ia ted . 
? .  A method of detecting viruses by fluorescence ha s been initiated . 
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